" term studies that rutin and quercetin, compounds of x:oi: composition
and purity, have the therapeutic property of restoring to normal sponta-
neously increased capillary fragility and permeability in humans. That is,
they, and likely other related flavonoids, possess definite and valuable
drug action. We wish to especially emphasize the fact that the mecha-
nism, or mechanisms, of action of these flavonoids as therapeutic agents,
and their role in animal physiology, is not fully understood. Evidence does
exist, however, that in addition to their specific action on the capillaries,
these compounds exert a sparing action on epinephrine, vitamin C, and pos-
sibly other vitamins and hormones; and that they may alleviate conditions
or have prophylactic action in cases where capillary fault is not necessarily
involved. Much research must be done before the role of flavonoids in
therapy, in animal nutrition, or even in plant metabolism, is understood.

Following the report that rutin corrects capillary fault in man, clinical
work on the drug’s application expanded rapidly. To meet the increasing
demands for supplies of rutin, a number of pharmaceutical manufacturers
were encouraged to start production in the summer of 1945. Since then its
use in medicine has become widespread and it has been admitted to the
ninth edition of the National Formulary,

A number of factors have contributed to the progressive growth and
popularity of the use of rutin as a therapeutic agent. The early suggestion
that rutin might decrease the incidence of hemorrhage, supported by data
demonstrating its effectiveness in correcting capillary fault, seems to have
strongly appealed to both physicians and the lay public. In this connec-
tion, previous publicity concerning the existence of anti-hemorrhagic
factors which might prove to be prophylactics for such type of vascular ac-
cidents as retinal hemorrhage, coronary occlusion and apoplexy created a
receptive atmosphere. Favorable to its acceptance, also, were the facts
that it is a definite chemical compound permitting precise dosage; it is com-
pletely nontoxic with no side effects; it is easily purified and manufactured
from cheap and readily available source materials.

Finally, it is our belief that the use of rutin and other flavonoids has
steadily increased chiefly because of their real therapeutic value. The time
factor required for their thorough evaluation in human medicine, especially
in the type of case chosen for this purpose (hypertensives with spontaneous
capillary fault) has delayed this comprehensive evaluation. Now, follow-
ing 12 years of research, it appears to us that a definite evaluation is at last
possible; to provide this is the main objective of our book.

The O?@Emmc.% of Rutin

and the .Hwarzc_omw of its Manufacture

Introduction and History

Rutin was discovered by Weiss?”* in 1842 in the leaves of a rue (Ruta -
graveolens). Subsequently Borntriger® studied this compound and termed
it “rutinic acid,” believing it to be acid in nature from its ease of solution
in alkaline media. Rochleder and Hlasiwetz®!* isolated rutin from capers
(Capparis spinosa) and identified it with the “rutinic acid” of Borntriger.
At a later date Hlasiwetz3? came to the conclusion that rutin was identical
with the quercetin rhamnoside, quercitrin, but Zwenger and Dronke??
showed that this could not he the case because on hydrolysis rutin gave
quercetin and two molecules of sugar.

At this time there was much confusion concerning the composition of
quercetin, to which Liebermann and Hamburger® had assigned the
formula CH;60,;. In an extended series of studies Herzig?*! first adopted
this formula but later arrived at the conclusion that quercetin was C;sH;00;,
a choice supported by work of Perkin and Pate.’™ With this information
Schunck®#! considered the formula for rutin to be CyHyuO62H,0 and
stated that on hydrolysis rutin was converted to quercetin (CisH1007) and
two molecules of rhamnose (CsI1;40).

It was not until 1896 that Schmidt®43 ascertained that the sugar moiety of
rutin consisted of one molecule each of glucose and rhamnose and that the
correct formula was Cyp;H30067. This early history of rutin has been re-
viewed in detail by Perkin and Everests® and by Charaux.

Rutin and related flavonols were formerly used as dyestuffs for textile
fibers but were displaced by the advent of the synthetic dyes. Today only
small quantities of the flavonols, quercetin and quercitrin (in the form of
orange and lemon flavine) are utilized as pigments.

Occurrence

Rutin has been found to be widely distributed in the plant kingdom and
at present is known to occur in at least 34 plant families and 77 plant
species.*>  Thirty-three of these are tabulated (Table I) in alphabetical




TABLE 1
Plants Containing Rutin

Family

Genus and species

References

Rutin content, §,°

APOCYNACEAL
ARALIACEALE
BETULACEALE
BORAGINACEAL
CAPPARIDACEAL

CAPRIFOLIACEAL

CRASSULACEAR

CRUCIFERAE
EMPETRACEAE
EUPHORBIACEAE
GLOBULARIACEAE

HIPPOCASTANACEALE
LEGUMINOSAE

LILIACEAE
MAGNOLIACEAE

MYRTACEAE

OLEACEAE

PALMAE
PAPAVERACEAE

PAPILIONATAE
POLYGONACEAE

PRIMULACEAE

PROTEACEAE
RHAMNACEAE
ROSACEAE
RUBIACEAL

Nerium odorum Lam,

Hedera helix Linn.

Betula hwmilis Schrank (Swamp birch)
Lithospermum officinale Linn.
Capparis spinosa Linn. (Capers)

Sambucus canadensis Linn. (Elder)

Sambucus nigra Linn. (S. rulgaris Lam.) (Elder)

Bryophyllum calycinum Salisb. (B. pinnatum, Kurg)

Sedum acre Linn.

Bunias orientalis

Empetrum nigrum Linn. (Smokeberry, crowberry)

Mallotus japonicus Muell Arg.

Globularia alypum Linn.

Globularia vulgaris Linn.

Aesculus californica Nutt (Pavia C.)

Daviesia latifolia R. Br. (Native hopbush)

Sophora japonica Linn. (Chinese scholar tree, Japan-
ese pagoda tree)

Tephrosia purpurea Pers. (Ash vetch)

Asparagus officinalis Linn.

Magnolia grandiflora Linn.

Magnolia kobus DC.

Magnolia macrophylla Michx.

Magnolia obovata Thumb

Magnolia soulangeana Soul

Magnolia stellata Maxim

Magnolia thompsoniana Hort,.

Magnolia wmbrella Lamb.

Magnolia yulan Desf.

Eucalyptus delegatensis
Eucalyptus macrorrhyncha ¥.v M.

Eucalyptus youmani B. and McK.
Forsythia fortunei Rehd.

Forsythia pendulata Linn.

Forsythia suspensa Vahl.

Dactylifera palma Linn. (Date palm)
Eschscholtzia california Cham.
Hypecoum pendulum Linn.
Onobrychis sativa Lam.

Fagopyrum cymosum

Fagopyrum emarginatum
Fagopyrum esculentum Mnch. (Polygonum fagopyrum
Linn.) (Japanese buckwheat)

Al

Fagopyrum tataricum Gaertn. (Tartary buckwheat)

Fagopyrum tetra-tataricum S.

Muehlenbeckia chilensis Meissn.

Rhewm emodi Wall.

Rheum officinale Baill.

Rhewm pruinosum

Rhewm rhaponticum ..

Rhewn undulatum 1a.

Lysimachia rulgaris Linn. (Common yellow loose
strife)

Grevillea robusta Cunn.

Paliurus aculeatus Lam. (Rhamnus paliurus Linn.)

Prunus melanocarpa (A. Nels) Rydb. (Wild cherry)

336

96

72, 96, 325, 614,
644, 797

382, 631, 754

96, 454
759

512

366

352

680
746, 797
746, 797
96

581

138, 219, 481, 710,

717, 735

108a

88, 173, 524, 719
375

307

455

575

375

375

375

344
400, 468, 568, 616,
645, 695, 696

616

522

262

210, 522
193

630

96

(4

234, 350

140, 776

71, 137, 346, 459,
657, 638, 659,
776, 796

140, 459, 776
140, 776
345, 347

338

338

338

338

338

533

387
550
129
96

4, L

32(72)

77, F (631);

3.5, L (754);
-2, IF (754);

3.0, MF (754)

2.4, F (7
16.3-22.
2.5

1.01, MP (719)

35):
9,

LEETTTT

36, F

09, F (522)
.36, PG

.0, F

3-04P

.0 (May);

'5 (Oct.)
.0—4.5, P (776)
11, L. (658);
78 L (796);
.71, F (796);
0+, F (796);
16-6.37, L, F (137)
4-5.0, P (776)
0-5 4. P (776)
1, P (347)

32, F

30, F

10, F

.61, F

70, F

(<1}

CTU—TCNU WL~ —=CN® o

.52, L
15, GF
144-3.88, L

¢ 1F = Immature flowers
P = Plants R = Roots

MFE = Mature flowers

Galivm cruciatum Linn,

MP =

GF = Green fruit
(continued)

Mature plant
PG = Pollen grains

S = Stems F

Pl. = Peel

= Flowers L = Leaves




order according to the family name. References are given to the original
investigators and to others who have contributed to the identification of
the rutin. When available, the percentage rutin content is also given to-
gether with the reference to the report containing the information.

In addition to the members of the spermatophytes listed in Table I,
rutin has also been isolated from a thallophyte. Kuhn and Low* isolated
it from the gametes of a Chlamydomonas mutant, which they termed
Chlamydomonas agamelos.

In the quest for new sources for rutin there will undoubtedly be much
duplication of effort, since negative findings are not usually reported. Ina
search for steroidal saponins, Wall et al.™® are extending the screening of
plant extracts to include other constituents among which are flavonoids.
In their initial report,’® the first in a series, of the approximately 1000 plant
samples tested from 29 families, (about two-thirds of which were of the
genera Agave, Yucea, and Dioscorea) most were devoid of flavonoids, but
33 samples are listed as containing flavonoids in trace amounts and 4 in
moderate quantities. The test used in this work was the cyanidin reaction
of Willstiitters24 which, although not specific for rutin, indicates the pres-
ence of flavonoids.

L = Leaves

Rutin content, %%

(=N K] ~
-1

0.13, L; 0.08, S;
0.05, R'(568);

2.0 (795)
18.3-21.2, F

16.6, F

F = Flowers

527, 532

220
32
1:
757
634
61

774
30, 186, 305, 526,

References
64, 214, 325, 644,
32, 96, 186

397
87a
160, 471, 568, 795

96, 737, 738

S = Stems

5¢

96

519
PE = Peel

sculentum Mill.)

Plants Conltaining No Appreciable Rutin

Solanum lycopersicum Linn. (L. F

Green fruit

During a routine examination at the Eastern Utilization Research
Branch many domestic plants, the extracts of which gave a positive cyani-
din test, failed to yield rutin by the gravimetric technique of Naghski ef al.5"
based on the isolation of the flavonoid. This method, however, is not sen-
sitive to small quantities of rutin (less than 0.19,) and so plants containing
only traces would escape detection. Those plants in which no rutin was
found gravimetrically are listed in Table TI.

MP = Mature plant
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Grandiflora Sieb.)
Lycopersicum pimpinellifolium (Red Currant Tomato)

Nicotiana glauca

(Cape sumach)
GF

Genus and species

TABLE 11
Plants Containing No Appreeiable Rutin

MF = Mature flowers

(Tomato)
Solanum tuberosum Linn. (Potato)

Salix triandra Linn. (8. amygdalina, g-triandra L.)
Viola tricolor Linn., Var. Maxima (Giant Roggli)

Viola tricolor (Linn.) (Arvensis and vulgaris)
Viola tricolor Linn. (Odorata)

Solanum angustifolium R. and Pav.

Ruta graveolens Linn. (Garden rue)
Solanum demissum Lindle

Osyris abyssinica Hochst.
Hydrangea macrophylla
Bupleurum falcatum Linn.
Heracleum spondylium Linn.

Hydrangea paniculata
Nicotiana tabacum Linn.

Nicotiana rustica Linn.

Osyris compressa DC.
Viola lutea splendens

Citrus hybrid

Ruta chalepensis Vill.
Thea assam (Tea)
PG = Pollen grains

Family ) Genus and species 1. Part examined
ANACARDIACEAL Rhus glabra Linn. (Sumac) Fresh flowering
heads

BALSAMINACEAL Impatiens pallida Nutt. (Jewel-  Fresh whole plant
weed)

BERBERIDACK Podophyllum peltation Linn. (May  Fresh whole plant
apple)

BORAGINACEALR Borago officinalis Linn. (Borage) Fresh leaves

CANNABINOIDEAL Humubs lupulus Linn, (Hop) Dried flowers

CAPRIFOLTACEAL Viburraan opuldus Linn. (Snowball)  Fresh flowers

CARYOPHYLLIACEAL  Stellaria media Vill, (Chickweed) Fresh whole plant

N
'

O
Y

AE
DIV
MIACAE
R = Roots

N
Y
4
~
9
Y
3
Y

'l

E
2A

RN
Immature flowers

RAGACI:!
Plants

RUTACE
SALICACI
SANTALACE
SAXIF
TERNSTROL
"MBELLIL
*IF =

L

(continued)
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TABLE II (continued)

Plants Containing No Appreciable Rutin

Family

Genus and species

Part examined

CHENOPODIACEAE

COMPOSITAF

CONVOLVULACEAE
CRUCIFERAE

CUCURBITACEAL
EQUISETACEAR
EUPHORBIACEAE
GNETACEAE
GRAMINEAE

IRIDACEAR
LABIATAL
LEGUMINOSAE

LILIACEAE
MALVACEALE

MORACEAE
MYRTACEAL

Beta vulgaris Linn. (Beet)
Var. cicla (Swiss chard)
Spinacea oleracea linn. (Spinach)
Spiraea vanhouttei Zahel (Spirea,
Bridal wreath)

Aster novae-angliae Linn, (
England Aster)

Cichorium intybus Linn. (Chicory)

Chrysanthemum carinatum
Schousb.

Chrysanthenuom parenthenium
Pers. (Feverfew)

Galinsoga ciliata (Raf.) Blake

Lactuca sativa Linn. (Lettuce)

Ipomoea batatas Poir. (Sweet

potato)

Brassica arvensis Kuntze (Mustard

weed)

Brassica oleracea Linn. (Var. ace-
hala, Kale; var. Botrytis Linn.,
3roccoli; var. capitata alba

Linn., Cabbage)
Curcurbita pepo Linn. (Pumpkin)

Equisetum hiemale Linn. (Horse-
tail or Scouring-rush)

Euphorbia epithymoides Jacq. (E.
polychroma Kern.) (Spurge)

Ephedra viridis Wats. (Mexican
tea)

Holcus sorghum Linn. (Var. White
Hegari)

Lolium perenne Linn. (Ryegrass)

.wiaww.a glauca Beauv. (Yellow fox-
tail)

Iris pseudacorus Linn. (Var. Semi-
nole-Yellow flag)

Coleus sp.

Mentha spicata Huds (Spearmint)

Medicago sativa Linn. (Alfalfa)

Glycine soja Sieb. und Zuce.
(Phaseolus max Linn.) (Soyhean)

Trifolium  repens Linn, (White
clover)

Convallaria majalis Linn. (Lily-of-
the Vaulley)

Althaea rosea Cav. (Hollyhock)

Gossyptum hirgutum Linn. (Cotton)

Malva rotundifolia Linn. (Common
mallow)

Broussonetia papyrifera Vent.
(Paper-mulberry)

Hucalyptus baver-  E. botryoides

tana Schau. Sm.

K. cornuta V. corynocalyr
Labill F.v. M.

E. costate Br. aff. K. crebra

[*.v. M.

Fresh tops
Fresh leaves
Fresh leaf
Fresh flowers
Fresh flowers

Fresh white flowers
Fresh yellow flowers

Fresh flowers
Whole plant
Fresh leaf
Fresh vines
Fresh yellow flowers
Fresh flowering
heads and at-
tached leaflets
Fresh ripe rind;
Fresh blossoms
Fresh whole plant
Fresh whole plant
Dried whole plant
Fresh whole plant

Fresh whole plant
Fresh whole plant

Fresh flowers

Fresh plant

Fresh leaf

Fresh whole plant

Fresh leaf, less most
of stem

Fresh blossoms

Fresh leaves and
blossoms

Fresh flowers

Dried leaves

Fresh whole plant
Fresh flowers

Dried leaves

Dried leaves

Dried leaves

Family

Genus and species

Part examined

MYRTACEAE
(continued)

PHYTOLACCACEAL
POLYGONACEAE .

PORTULACACEAL
RANUNCULACEAL

ROSACEAE
RUTACEAE

SAXTFRAGACEAL

SOLANCEAR

UMBELLIFERAE

URTICACEAL
VIOLACEAE

E. eugenioides E. mmﬁ.\ctn
Sieb., ‘v. M.

E. globulus E. goniocalyz
Labill F.v.M.

7. leucoxylon . NEE.QL:S
F.v.M. Sm,

k. %e:\:zgms% . robusta
Schau. Sm.

Y. rostrata Schl, E. rudis

Endl.

E. salmonophloia Y. sideroxylon
F.v. M. Cunn.

E. tereticornis E. viminalis
Sm. Labill.

Phytolacca decandra Linn., (Poke-
weed)

Eriogonum giganteum

Fagopyrum esculentum Linn.

Polygonum perricaria Linn.
(Smartweed, ladysthumb)

RRheum rhapanticum Linn., (Rhu-
barb, Pieplant)

Rumer crispus Linn. (Yellow dock)

Rumer hymenosephalus Torr,
(Canaigre)

Portulaca oleracea Linn. (Pusley)

Paconia sp. (White peony)

Ranunculus bulbosus Linn, (Com-
mon field buttercup)

Prunus serotina heh, (Wild black
cherry)

Citrus aurantifolia Swingle
(Limonia avurantifolia Ch.)
(Lime)

Citrus grandis Osheck (Citrus decu-
mana Linn.) (Grapefruit)

Citrus limonia Osheck (Lemon)

Citrus sinensis Osbeck (Common
orange)
Hydrangea arborescens Linn,

Philadelphus coronarius Linn,
(Mock orange)
Capsicum annum Linn., (Pepper)

Lycopersicon esculentum Mill,
(Solanum lycopersicum Linn.)
Var. Stone (Tomato)

Daucus carota Linn., Var. sativa
(Wild Queen Anne’s-lace)

Petroselinum hortense Hoffm.
(Parsley)

Ramium niveum Linn, (Ramie)

Viola papilionacea Pursh (Common
violet)

Dried leaves
Dried leaves
Dried leaves
Dried leaves
Dried leaves
Dried leaves
Dried leaves
Fresh leaves

Dried whole flowers

Buckwheat seed and
honey

Fresh whole plants

Fresh leaf

Fresh plant
Dried root

Fresh whole plant
Fresh flowers
Fresh flowers

Dried leaves

Fresh immature pecel
and fruit

Fresh mature peel
and fruit

Fresh immature peel
and fruit

Fresh mature peel
and fruit

Flowering heads and
stipules  only in
arly bud

Fresh blossoms

Fresh immature
fruit

Vine and fruit
(green and ripe)

Flower head
Fresh leaf
Fresh tops and

leaves
Fresh white flowers




Characterization of Rulin

Microcrystallography. Rutin is a pale yellow, tasteless powder con-
sisting of microscopic needle-shaped crystals. When rutin crystallizes
from aqueous extracts, the needles have a tendency to arrange themselves
in fan-shaped aggregates as illustrated in Figure 2. This is especially
characteristic when the solutions have not been clarified sufficiently to
remove all particles which can act as foci for crystallization. Pure rutin
crystallizes from solution in distilled water as isolated needles. It crys-
tallizes from anhydrous methanol and ethanol with three molecules of
solvent in the form of large fusiform plates. Under proper conditions these
-an be made to grow to exceptional size. Figure 3 shows a photograph of
the crystals obtained by the spontaneous concentration of an absolute
ethanol solution in a petri dish.

Keenan® found that rutin crystals consisted of minute rods and were too
small for satisfactory microscopic examination. However, by crystallizing
from alcohol, he was able to obtain larger rods which contained 1 molecule

TABLE III

Refractive Indices of Rutin

Flavonol

Rutin
(CarlTeOus- CHLCHLOH)
Quercetin
(CypIT1004-211,0)

Quercitrin
(Cu50n - 2H0)

of solvent of crystallization. (The strength of aleohol or the drying condi-
tions were not given so that these data cannot be compared with those of
Krewson and Naghski.®!) The microcrystallographic properties of these
erystals are described as follows:

“With crossed nicols, the extinetion is parallel and the sign of elongation
is negative. The rods were not large enough to reveal interference figures
with the microscopic examination. The significant refractive indices are:

= 1.508 (commonly shown lengthwise on rods), 8 = 1.734 (commonly
shown crosswise and apparently the g-value although an interference figure
could not be obtained), ¥ = 1.734.  All = 0.002.” Similar information
was also obtained for quercitrin and the aglycone quercetin. A compari-
son of the refractive indices for the three compounds are presented in
Table IIIL. ,

Fig. 3.

Fig. 2. Rutin crystals, magnified 213 X.

Crystals of rutin cthanolate, magnified 3X.
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Fig. 4. Approximate solubility of rutin  Fig. 5. Approximate solubility of rutin in
in water. aqueous methanol.

Solubility. The solubility of rutin in water and in various solvent-
water solutions has been determined by Krewson and Naghski.®! It is
soluble in boiling water in the proportion of 5 to 6 grams per liter, but

much less soluble in cold water (about 0.1 gram per liter). It readily
erystallizes from boiling water solutions on cooling. The solubility in
water is influenced greatly by the temperature especially near the boiling
point (Figure 4). Elevating the temperature to 121°C. by increasing the

TABLE 1V

Approximate Solubilities of Rutin in Water and Various Anhydrous Solvents at Room
Temperature and Near the Boiling Point

Solubility at

Room Near boiling
temperature temperature,
Solvent Gm./100 ce.

Water 0.50-0.55

Methanol 48.0
Isthanol
Isopropanol
n-Propanol
n-Butanol
Acetone

1-4 Dioxane
Pyridine
Acetic acid

@

cocoococoo

— I
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pressure to 15 pounds per square inch increases the solubility three-fold
over the solubility in boiling water at standard atmospheric conditions.

The solubilities of rutin in methanol, ethanol, isopropanol, acetone, and in
their water solutions at room temperature and near the boiling point are
shown in Figures 5-8. The solubility curves for these solvents show two
maxima, one occurring in the anhydrous solvent, and the other at an or-
ganic solvent concentration ranging from 70-98 percent.

Rutin is exceedingly soluble in such hot solvents as methanol, ethanol,
n-butanol, glycerol, the glycols, 1-4 dioxane, pyridine, morpholine, and
water solutions of the inorganic bases; it is moderately soluble in such hot
solvents as acetone, the propanols and glacial acetic acid; it is insoluble in

36
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Fig. 6.  Approximate solubility of rutin in
aqueous ethanol.

hydrocarbons, chlorinated hydrocarbons, nitroparaffins, and ethers.
Table IV shows the solubility of rutin in some of the more important sol-
vents.

Numerous iron salts have been tested®®® to determine their ability to in-
crease the solubility of rutin in water. Ferrous ammonium sulfate, ferric
chloride, ferrous gluconate, ferric ammonium sulfate, and ferrous lactate
solubilize rutin by reacting in a manner which appears to be stoichiometric.
Also, rutin was found to he solubilized by colloidal saccharated ferric
oxide.3%.39%  Ferric sulfate, ferric ammonium citrate, ferric glycerophos-
phate, ferrous phosphate, and ferrous chloride failed to solubilize rutin.
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Cuprous chloride solubilizes rutin; but cupric sulfate, cobaltous chlo-
ride, manganous chloride, and manganous sulfate do not.

The solubilizing properties of alkali, methyl glucamine, piperazine,
propylene glycol, and hexamethylenetetramine have been used to prepare
solutions of rutin for intravenous injections, 142.106.305.576,613,751

Other methods for increasing the solubility of rutin have involved the
synthesis of an alkyl carbonate derivative;**7* complexing with sodium
borate3s2.#1.83 and the addition of aliphatic amines, alkali salts of amino
acids or amino sulfonic acids.!7!.23523.542,653,682

Solvate Formation. Rutin crystallizes from water with three molecules
of water of hydration which are removed with varying degrees of ease.
Perkin® %8 found that rutin dried over concentrated sulfuric acid for three
weeks lost 5.76 percent water (2H.0 = 5.449;); after additional drying at
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Fig. 8. Approximate solubility of rutin in
aqueous acetone.

130°C. it lost 1.49 percent (}/.H,0 = 1.439,) and finally after drying at
160°C. it lost an additional 1.67 percent (!/,11,0 = 1.479%,) making a total of
3 molecules of water. Recently, Naghski et al.?! determined the degree of
hydration of rutin by means of vapor phase absorption studies. Figure 9
shows the moles of water absorbed at various degrees of relative humidity
by two rutins of different qualities, and by quercetin. Highly refined rutin
absorbed up to 3.1 moles of water when exposed to higher humidities while

——
——v
-

RUTIN N.F. RUTIN N.F.(REFINED)

QUERCETIN
.\AV.\:.II!OA

O ABSORPTION VALUES
e DESORPTION VALUES

MOLES H,0 PER MOLE FLAVONOL

| 1
40 60 80
RELATIVE HUMIDITY, %

Fig. 9. Water sorption isotherms for rutin and quercetin showing
degree of hydration in relation to relative humidity.

N.F. rutin absorbed up to 4 moles of water. Tt is suggested that the pres-
ence of small amounts of impurities disrupts the erystal structure and per-
mits the accumulation of free water. The absorption curves indicate that
the highly refined rutin is somewhat more hygroscopic than the N.F.; how-
ever, both rutins show little loss of moisture during desorption until ex-
tremely low humidities are reached. These results demonstrate clearly
why it is difficult to obtain an anhydrous sample of rutin, and have been
used for the improvement of the methods for determination of moisture in
this highly hygroscopic material.??! .
As previously mentioned, pure rutin crystallizes from solution in near
anhydrous methanol, ethanol, and acetone also with three moles of sol-
vent.’?!  The crystals are many times larger than those obtained from
water (Figure 3).  These crystals dissolve readily in cold water and after a
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cate that rutin is hydrolyzed rapidly during the early part of the reaction,
but the curve becomes asymptotic as the reaction approaches completion.
Increasing the acid concentration or reducing the rutin concentration in-
creases the rate of hydrolysis. These results indicate that rutin is more
than 95 percent hydrolyzed by use of 2 percent rutin slurries heated one
hour with both 2 and 5 percent solutions of sulfuric acid.  More concen-
trated slurries of rutin require up to four hours heating to approach the
same degree of hydrolysis.

Melting Point and Color Tests. The melting point is not a good
criterion of purity in the case of rutin since this compound melts over a
substantial range of temperature (5-7°) even when highly purified and
containing no contaminants as shown by paper chromatography. This
was found to be true of rutin prepared from various plant sources such as
tobaceo, buckwheat, elder, Sophora, Fucalyptus, yellow pansies and many
others. .

ixamination of the hydrolytic products is a more reliable means of
identification. The quercetin has a melting point of 312-314°C. and its
pentaacetyl derivative melts at 194-196°C. The two sugars can be iden-
tified as the phenylosazones and by paper chromatography .»

A valuable method of characterization and analysis is the determination
of the absorption spectrum in the ultraviolet. Rutin shows maxima at
247.7 and 362.5 mu with absorptivities (specifie extinetion coefficients) of
38.0 and 32.6 liter gm~! em~! respectively.  However, in the use of the
absorption spectrum, it is necessary to keep in mind that quercetin, quer-
citrin and other quercetin derivatives have spectra similar to that of rutin
(see also the seetion on rutin preparation).

Various color tests?3 have been used for the detection of rutin but most
flavones, flavanones and flavonols when tested in this way give similar
findings. For example, rutin dissolves in alkaline solutions with the for-
mation of an intense yellow color.’®  With alcoholic or aqueous ferric
chloride, rutin gives an intense green color.  With acid and magnesium in
aleoholie solution, rutin gives a red color.  Bryant® states that this color
reaction for flavonoids was first used by Willstdtter™t and that “It was later
established that this color was due to the presence of a y-henzo-pyrone
nuceleus.”  Valentin and Wagner™2 have made this reduction the hasis of a
colorimetric assay procedure for the determination of rutinin tablets and an
approximation of rutin in plant decoctions and extracts.

Rutin forms colored complexes with the salts of many heavy metals.”
170,294,332,579

This property is made use of for its analytical determination.
Complexing with metals produces a shift in the absorption maximum from
the near ultraviolet to the visible.  Figure 11 shows the spectral ahsorption
curve of rutin and of the rutin-aluminum chloride complex.  The aglycone

o0 RUTIN o ALUMIUM CHLORIDE IN
WATER

o—eo RUTIN IN ETHANOL

SPECIFIC EXTINCTION COEFFICIENT

1
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Cig. .:. Absorption spectra for rutin in 959% ethanol and for the rutin-aluminum
chloride complex in water. The absorptivities (specific extinction coefficients) for both
curves are based on 1 g. of rutin/l. in a 1-cm. cell.
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Fig. 12, mtci. I absorption curves for quercetin in 95% ethanol and for quercetin +
aluminum chloride in potassium acetate buffered aqueous cthanol.




of rutin (quercetin) exhibits a similar shift in the position of the absorption
maximum as a result of complexing with aluminum chloride (Figure 12).
Horhammer and Hiinsel investigated the complexing of rutin and quercetin
with zirconium perchlorate, aluminum chloride and cupric sulfate, and
found a stoichiometric relationship.®#34  Tomicek and Holecek™ used
morin and quercetin for testing and gravimetrie estimation of niobium and
tantalum.  The ability to chelate with metals such as iron and copper, a
property common to the flavonoids, may also be responsible in part for the
physiological activity, 1.3

Rutin forms a fluorescent borocitric acid complex.  Techniques based on
this have been advocated for its quantitative determination®™ hut are not
entirely satisfactory.  Horhammer, Ilinsel and Strasser?®-337 prepared the
quercetin boric-oxalic acid complex and obtained it in erystalline form.

Chromatography. The use of paper chromatography is a valuable
technique in the detection of rutin. - Studies on the paper chromatographic
behavior of the flavonoids have been published by Wender et al.2%.775 gand
by Bate-Smith and Westall®®  Gage, Douglass and Wender2?** have been
able to differentiate among a wide variety of compounds by this technique.
The R, value (ratio of distance traveled by the pigment to distance traveled
by the solvent) was found to be characteristic, using different solvents and
amounts of pigment as little as 10 ug.  Colors produced in white light with
and without chromogenic sprays, and fluorescence produced under the ul-
traviolet lamp, serve as a further means of identification, 231 A »hnique
using round filter papers has also been reported 59537

Bradfield and Flood™ deseribe a method by which the ultraviolet abs orp-
tion spectra of substances can be determined while on the paper chromato-
gram. This aids in the identification of flavonoids which may have similar
12, values but different absorption spectr:

Gage and Wender* determined quantitatively the flavonol-3-glycoside
by eclution from paper chromatograms with aqueous aluminum chloride
solution and spectrophotometric estimation of the colored complex formed.
Quercetin could not be recovered quantitatively because of the adsorption
of some of this complex by the paper.

In a recent method?®' quercetin was separated from rutin by using a short
filter paper strip and allowing the rapidly migrating quercetin to travel off
the chromatogram into a receiver.

The property of jon exchange resin to absorb flavonoids from aqueous
solutions has been utilized by Wender and coworkers to isolate trace
amounts of these compounds from plants, 24008 7%779.50.3172 - Phay have
also found that purification and separation of flavonoids can be accom-
plished using columns of magnesol as the absorbent. 3%

Paper clectromigration has also been found applicable. 72

Analytical Procedures for the Determination of Rutin in Plants

Recently two methods have been proposed for the determination of rutin
in plants.*17754 - One of these®'7 is 4 gravimet ric procedure which depends on
the extraction, and isolation of the glycoside.  In general it is adequate but
suffers from the inevitable inaceuracies inherent in i olating and weighing a
plant constituent. - However, if performed carefully, it is sufficiently pre-
cise to afford reliable information on the rutin content of material under
investigation. It offers the advantage that the isolated product can bhe
characterized, an important consideration when dealing with a new plant
source.  Difficulty is usually encountered with this method in the analysis
of plant matericls containing small or trace amounts of rutin, because the
glycoside either fails to erystallize, or does so incompletely when it is pres-
ent in small quantities. This is especially true if the extracts contain
much sugar and become sirupy upon concentration.

The other method™! is an absorptiometric method which determines the
concentration of rutin by measurement of the color produced when rutin
complexes with aluminum chloride.  This method offers a great reduction
of time required to complete the analysis as well as greater preeision and ae-
curacy than the gravimetrie method. It is not s pecific for rutin since other
flavonols yield similar colored complexes with aluminum chloride.

Sinee both methods have value, each will be deseribed.

Gravimetric Method

Rutin in Fresh Plant. Sclect approximately 200 grams of whole plant
(weighed to the nearest 0.1 gram) for cach rutin determination, and cut
into pieces 1 to 2 inches long.  Transfer to an extra large Soxhlet extractor
as quickly as possible after cutting, using a thin layer of cotton or glass
wool to prevent plant material from entering the siphon tube.  Immedi-
ately add sufficient, ethanol (absolute) for extraction (a liter flask requires
about 600 ml.) and extract for 2 to 4 hours. At the end of this period, re-
place the flask containing the ethanol extract with one containing fresh
ethanol (to prevent loss of rutin from prolonged heating, since the major
portion is extracted in this period) and continue extraction witil the extract
is colorless (approximately 8 to 12 hours).  Combine the extracts in alarge
casserole and evaporate on a steam bath until all the alcohol is removed an)
not evaporate to dryness; add water if necessary).  Add enough water to
dissolve the rutin (100 ml. for cach 0.4 gram expected), boil vigorously m&mu
to 2 minutes and filter through a rapid filter paper.  Transfer the filter
puper to the casserole, boil with a small quantity of water, and refilter,
Repeat if necessary until all rutin is dissolved.  Store the combined fil-
trates at room temperature overnight and then in a refrigerator until erystal-




lization is complete (1 to 2 days). Filter through a tared Gooch crucible,
wash with cold water, and dry at 110°C. for 4 hours, or to constant weight.
Cool, weigh, and calculate as percent erude rutin.

Rutin in Dried Plant. Place a sample of ground buckwheat containing
between 0.5 and 0.75 gram of rutin (15 to 20 grams or 100 grams of low-
rutin materials) into a Smalley type extractor, place a plug of cotton on
top and bottom of sample layer. Ixtract with ethyl ether for 8 to 12 hours
(to remove fats and carotenoids). Remove the ether by drawing air
through the sumple and extract for 4 hours with absolute ethanol.  Replace
ethanol with fresh ethanol and extract for an additional 4 to 6 hours.
Again change the ethanol and continue extraction for a total of 16 hours.
Combine the extracts in a casserole and evaporate until the ethanol is re-
moved (do not evaporate to dryness; add water if necessary). Add sufli-
cient water to dissolve the rutin (100 ml. for each 0.4 gram expected), boil
vigorously for 1 to 2 minutes (add 0.25 to 0.50 gram of barium chloride if
coagulation of non-rutin materials does not occur with boiling) and filter
through a rapid filter paper.  Transfer the filter paper to the casserole and
boil with 25 to 50 ml. of water. Filter. Repeat if necessary until all the
rutin is dissolved.  Determine rutin in filtrates as deseribed under “fresh
plant.” A

Correction of Rutin Value by Refining. The crude rutin obtained by this
procedure contains 0.5 to 15 percent impuritic Consequently the rutin
values are usually high, and the wide variation in content of impurities
mukes it impossible to use a correction factor. A study of the impurities
showed that the major portion could be divided into two types—“benzene
soluble” and “alecohol insoluble.”  To correct the erude rutin values, the
following purification technique was developed. It is somewhat tedious
and time consuming, but is justified where greater accuracy is required.
The much simpler method of purification by recrystallization from solvents
is unsatisfactory since it involves uncontrollable loss of the glycoside.

Procedure:  The Gooch erucible containing the erude rutin is placed in a
Soxhlet extractor and extracted with dry benzene for 12 hours.  The ben-
zene extraet is concentrated to about 10 ml. and transferred to a tared
beaker.  The extract is then evaporated to dryness on a steam bath, and
finally dried at 110°C. for 0.5 to 1 hour. The residue is weighed and cal-
culated as percent “henzene solubles.”

The Gooch erueible containing the benzene-extracted crude rutin is dried
to remove the benzene, and extracted with hoiling absolute ethanol.  This
is best accomplished by placing the erucible over a suction flask, adding a
smull quantity of hoiling ethanol and triturating the cake of rutin with the
flut end of « short stirring rod, heing careful not to disrupt the ashestos mat.
The solvent is drawn through slowly with vacuum, and the process is re-

peated several times until all the rutin is dissolved, the volume of solvent
being kept as low as possible (40 to 50 ml.). The crucible is then trans-
ferred to another suction flask, and the extract is heated to boiling and
filtered through the ashestos mat, in order to recover any ashestos fibers
that may have been dislodged, and also any insoluble materials that may
have worked through the mat.  The crucible is then rinsed with a few ml. of
fresh solvent to remove any entrained extract, and dried at 110°C. for 2—1
hours.  The difference between the new weight and the original tare weight
is caleulated as “aleohol insolubles.”  Subtract the sum of “benzene
solubles” and “alcohol insolubles’ from the weight of crude rutin to get the
“corrected” weight of rutin.

Spectropholometric Method

Extraction of Ground Meal. A 2-gram sample of the nz:::_, meal is
distributed evenly over the surface of a piece of absorbent cotton, approxi-
mately 4 X 2 X 0.25 inches.  The cotton is rolled along its major axis
and placed in a Smalley extractor, the hottom of which contains o small
plug of cotton. The extractor is fitted to the extraction flusk, which
contains a few glass beads, and approximately 75 ml. of absolute ethanol is
poured through the cotton in the extractor. (Ethanol is preferred to
methanol because ethanol dissolves less non-rutin colored plant material.)
The sample is extracted for 6 hours.  The cooled extract is diluted to 250
ml. with isoamyl alcohol.

ixtraction of fresh plant is carried out as deseribed in the gravimetrie
procedure.  The extract is made to a convenient volume either by con-
centration or dilution and an aliquot (50 to 75 ml.) is diluted to 250 ml. with
isoamyl aleohol.

Isolation of Rutin. A 20-ml. aliquot of the isoamyl alcohol solution is
placed in a 125-ml. Squibb separatory funnel and extracted with three
25-ml. portions of 0.1 M aluminum chloride. During this operation, the
rutin passes into the aqueous phase as the yellow rutin-aluminum chloride
complex, leaving the other extracted plant pigments in the isoamyl alcohol
layer.  After each shake-out, the solvents are separated by centrifugation,
and the lower aqueous layer is run off into 2 250-ml. volumetric flask. The
combined aqueous extracts are diluted to 250 ml. with distilled water.

Absorptiometry. The rutin-aluminum chloride complex has an absorp-
tion maximum at 416 mu. The absorbance of the solution at its final
dilution is determined with a Beekman DU spectrophotometer ut 416 mg,
versus a correspondingly diluted aluminum ehloride blank, using l-cm.
cells.  No appreciable absorption has been observed in blank analyses of
the alcohol reagents or of extracts from the cotton, alone or in combina-
tion with the aluminum chloride solution. Appropriate dilutions are made




to maintain the absorbance between 0.2 and 0.8. Through this range the
solutions follow Beer’s law accurately. The weights and dilutions given
are suitable for materials having rutin concentrations of 1 to 49,. The
rutin complex is stable, and the absorbance may be determined almost im-
mediately and remains unchanged for at least 2 hours. (Glass or inter-
ference filter absorptiometers isolating the 416 my region can be used, but
for each individual instrument the absorptivity factor or a calibration
curve would have to be established.

Replicate analyses of pure rutin (rutin-31,0)74? have established its ah-
sorptivity, a, as 30.7 under the conditions described. The percent rutin
trihydrate may be calculated from the following equation:

A | Vv 100

..VAltflVAI.mVAI.

9, rutin 31,0 = *
7o rutin-31LO = 2 X 50 X 5 X

where A abe = absorbance of solution (minus blank)

a A/be = absorptivity (absorbance referred to unit thickness

and unit concentration)

cell length, em,

concentration of rutin, grams per liter.

final volume of rutin-complex solution, ml.

volume of extract diluted with isoamyl alcohol, ml.

volume of aliquot taken, ml.

dry weight of sample, grams.

Under the conditions in this procedure, this equation reduces to

. A
9% rutin-3H,0 = - X 10.2
w

Procedures for the Analysis of Rutin Preparations

Porter, Brice, Copley and Couch® proposed a spectrophotometrie pro-
cedure for the analysis of rutin preparations for pigment impurities and
rutin content. A method based on this procedure has been incorporated
in the National Formulary?+2,

Proximate Analysis for Pigments. Weigh out about 200 mg. of the
rutin and dissolve in about 20 ml. of absolute ethanol or isopropanol;
filter the solution through a small filter paperinto a 50-ml. flask, wash the
filter paper and funnel with 10-20 ml. of the solvent, and make to a volume
of 50 ml.  Examine in the visible spectrum for red pigment absorption
maximum near 590 mg and chlorophyll maximum near 655 mu, using
matched 5-cm. cells containing solution and solvent.  Measure spectral
densities at wavelengths 560, 590, 620, 655 and 690 mu (or at the red pig-

ment maximum and 30 my on each side, and at the chlorophyll maximum
and 35 mu on each side). Calculate absorptivities (specific extinction
coefficients) at these wavelengths.  Calculate the approximate proportions
of red pigment and of chlorophyll in the preparation, using the equations
shown below.

1 .
4 | @eso — 5 (ass0 + ae20) 0% red pigment

Qgss — W (aso + asn) = % chlorophyll

Absorptivity (a) is defined as in the preceding section, i.e., absorbance of
solution minus blank, referred to 1 em. thickness and to concentration of 1
gram per liter for the rutin preparation.  Standards set up by the National
Formulary IX, limit the amount of each pigment to not more than 0.004%.

Analysis for Rutin and Quercetin. Weigh the sample, by difference,
to the nearest 0.02 mg., transferring the sample to a 100-ml. volumetric
flask.  Add about 5 ml. of absolute ethanol, dissolve with warming if
necessary, and finally make the solution to volume with 959 cthanol.
Make a 16-fold dilution with 959, ethanol, using 100-ml. volumetric
flasks and a 25-ml. pipet. Add 1 ml of 0.02 N acetic acid to the final
dilution before it is made to volume. .

Using matched 1-em. cells containing solution and solvent (also contain-
ing acid), measure absorbance (versus solvent) with great care at wave-
lengths 362.5 and 357.0 mu.  Calculate the absorbance ratio Asrs.q/A 0.
If this ratio is 0.875 = 0.004 the preparation is free of quercetin, and the
percentage of anhydrous rutin in the sample is

r = _DDQ;P@\NN..&U

where ass5 is the absorptivity of the sample at 362.5 mu and 32.55 is the
absorptivity for highly purified rutin under the conditions stated. The
-alue of 7 is believed reliable to about £0.5%,.  The absorptivities* for
highly purified rutin'®® and quercetin** are presented in Table VI. The

* The specific extinetion coefficient is defined as K = A /le, where A is the absorbance
(negative logarithm of the transmittaney), [ is the ecell length in centimeters, and ¢
is the eoncentration of solute in grams per liter of solution, in accordance with official
nomenclature of the National Formulary IN7$2 p. 767,

** The highly purified quercetin was prepared by W, L. Porter of the Eastern Re-
gional Research Laboratory, according to the following procedure.  Refined rutin was
hydrolyzed with 0.6% aqueous sulfuric acid and the quercetin obtained was further
purified by alternate passage through the pentancetate® s and the sulfates for a tofal
of five preparations of each derivative.  The pentancetate was reervstallized each time
from 70% cthanol. - The quercetin was recovered after each preparation of the deriva-
tives and analyzed spectrophotometrically.  Three passages through the derivatives
raised the Kigso to 80.0 which remained unchanged for two additional pa




TABLE VI

Specifie Extinetion Coefficients for Rutin and Quercetin

8pecific extinction coefficient

$.D<w=~n=§_.. Rutin Quercetin
257.7 37.7° 75.7°
362.5 32.55% 72.2
375.0 28.48 80.0°
Absorbance
ratio® 0.875 =+ 0.004 1.108 £ 0.020

4 Maxima, ;
b Ass.0/Asezs OF Kazsio/ Kisa.s.

values shown for quercetin are appreciably higher than those reported in the
literature summarized by Booth and DcEds.$® The previous highest
value for Kys.0 was 77.3, reported by Gage, Douglass and Wender. 2438

If the density ratio is higher than 0.879, an appreciable amount of quer-
cetin may be present. Calculate the absorptivities at 362.5 and 375.0
my, and compute the percentages of anhydrous rutin and quercetin in the
preparation by the equations:

r 14.065 Aser.p — 13.181 a375.0 ﬁ\w rutin

q —5.200 asees + 5.943 azso = % quercetin

The estimated uncertainty is about % 0.7 both in percentage of rutin and of
quercetin, provided errors in absorbance and wavelength are small.
Swann™® suggested that the determination of absorbance at 347.0 and
375.0 mu gave a more accurate determination of quercetin,

In a more recent method®'® quercetin was separated from rutin by using a
short filter paper strip and allowing the rapidly migrating quercetin to
travel off the chromatogram into a receiver. ‘The quercetin, thus isolated,
is determined spectrophotometrically after reacting with aluminum
chloride.

Horhammer and Hinsel**? have proposed a method for the determination
of quercetin in rutin preparations based on the production of color when
zirconium chloride reacts with flavonols” They found that when an al-
coholic solution containing the colored zirconium complex of rutin and
quercetin is treated with citrie acid, the rutin complex was decomposed
while that with quercetin remained nchanged and could be measured
independently.

Berka and Nesvadba® reported that polarography could be used for the
individual analysis of rutin and quercetin.  ITowever, mixtures of the two
compounds gave poorly reproducible curves.

Kakemi, Uno and Iwama®! proposed a colorimetric method for the de-
termination of rutin. Five ml. of a 60% alcoholic solution containing
0.5 mg. of rutin is treated with 0.3 ml. of a 5% solution of sodium nitrite
and 0.3 ml. of a 109, solution of aluminum nitrate. After 3 minutes, 0.5
ml. of a 309, solution of sodium hydroxide is added and the intensity of red
color, which is proportional to the concentration of rutin, is measured in a
colorimeter.

Determination of Moisture in Rutin. The following method is based on
the recent study of Naghski ef al.5?! This procedure is similar to that used
by the National Formulary™? except that use of a modified weighing bottle

Fig. 13. Special weighing bottle for determining
moisture in hygroscopic materials, Al dimensions in
millimeters,

and continuous sweeping of the oven with dry air are recommended. Dry
the special weighing bottle* (Figure 13) in a vacuum oven for one-half hour
and cool to room temperature in a desiccator containing an efficient desic-
cant (anhydrous calcium sulfate or better). Place approximately 0.5
gram of rutin in the tared bottle and weigh to the nearest 0.1 mg. Turn the
bottle cap so that the hole is open and place in a vacuum oven at 125°C

e

With a continuously operating vacuum pump, draw moisture-free air from
the drying train** through the oven at approximately 25 ml./min., con-
trolling the air flow with the inlet valve,

* The special weighing hottles (Figure 13) can be made by drilling a 2-mm. hole
through the 24/12 ground glass joints of the Parr type weighing hottles, Drilling is
done with the cap in place so that the holes in the cap and bottom coincide. When
drying a sample in the special bottle the hole is left open to allow the moisture to escape
from the ?.::T_c chamber by diffusion through the opening. Upon removing the
bottles from the oven the caps are immediately turned to close the hole. Thus the
amount of moist lahoratory air coming in contact with the sample after drying is limited
to that which would diffuse through the hole during the short time required to remove
the bottle from the oven and turn the ¢ ip.

** Dryving train consisting of 4 gus wush bottle with fritted glass gas disperser, half
filled with concentrated sulfurie acid, fallowed by a 2-ft. length of 60 mm., O.D, gluss
tubing containing a 14-in. section of anhydrous culeium sulfate followed by a 6-in.
section of phosphorus pentoxide on pumice stone chips.  With the drying train and
separate outlet and inlet valves, the vacuum chamber ean be swept continuously with
dry air and the vacuum ean be released with dry air at the end of the drying period.
To sweep the oven during drying, an air inlet valve is opened slightly so that about 25
ml. of air per minute is drawn through the drying train. The principles involved in this
procedure for drying were discussed by Willits.783




Determination of Rutin in Tablets

Method I. Porter ef al.¥® applied the spectrophotometric procedure
to the determination of rutin in tablets containing such excipients as lac-
tose, gelatin, calcium sulfate, dicalcium phosphate or other materials
having ultraviolet absorption negligible in comparison with that of the
rutin present. .

Procedure. Weigh to the nearest 0.2 mg. a representative sample con-
sisting of 10 to 20 tablets. Grind in a mortar, place the powder in a weigh-
ing bottle, and weigh (by difference) to the nearest 0.2 mg. a sample contain-
ing approximately 20 mg. of rutin. Transfer to a 60-ml. centrifuge tube,
add 0.5 ml. of water, and stir for a few minutes. Add 25 ml. of 959, ethanol
and dissolve the rutin by warming in a water bath. Centrifuge, then wash
the insolubles twice by centrifugation, using 25 ml. portions of hot 959,
ethanol to which 0.5 ml. of water has been added. Transfer the extract
and combined washings to a 100-ml. volumetric flask, cool, and make to
volume with 959, ethanol.  Dilute 16-fold with 959 ethanol for ultraviolet
spectrophotometric examination, adding 1 ml. of 0.02 N acetic acid to the
final dilution before making to volume.

Measure absorbance at wavelengths 362.5 and 375.0 mu.  Calculate the
absorbance ratio Ao/ Agees and the absorptivities of the solutions at the
two wavelengths.  (The concentration ¢ grams/liter is 10 times the weight
of the sample taken after grinding, divided by the dilution factor 16.)

If the absorbance ratio is 0.875 £ 0.004, the sample is essentially free of
quercetin,  The anhydrous rutin per tablet, in milligrams, is then:

r = W a3.5/32.55 = mg. anhydrous rutin

where 1V is the average weight of one tablet in mg.

If the absorbance ratio is greater than 0.879, an appreciable amount of
quercetin is assumed to be present and the amount of rutin is caleulated
from the following equation:

ro= 1 (0.14605 ass — 0.13181 a330) = mg. anhydrous rutin

where B has the same meaning as before.

The values for anhydrous rutin so obtained can be converted to rutin-
3110 by multiplying by the factor 1.0885.

If dicaleium phosphate is used in the exeipient, add 15 ml. of 0.02 N
acetic acid in 959, ethanol to the dry powder followed by 10 ml. of 959,
ethanol.  Continue as in the procedure deseribed, but do not add more
acetic acid to the final dilution.

Method II. Since Method I requires excessive volumes of alcohol for
effecting the proper dilutions, there has been a demand for the develop-
ment of a procedure using other solvents. Turner™ proposed a modifica-
tion which employs water for the final dilution. The method was sub-
jected to a collaborative study with satisfactory results.” Since the posi-
tions of the absorption maxima and the absorptivities for rutin and querce-
tin in an aqueous solvent are different from those in aleohol, it is considered
advisable to present the method in some detail.

Procedure.  Determine the average weight per tablet by weighing not
less than 20 tablets. Thoroughly powder the weighed tablets and weigh
the equivalent of 40 mg. of rutin into a 50-ml. centrifuge tube. Add 0.1 ml.
of glacial acetic acid and approximately 15-20 ml. of 959, ethanol. Sus-
pend the powder in the solvent by stirring, and place in a water bath
(70°C.) for 10 minutes. Stir oceasionally during this extraction period.
After heating, remove the stirring rod (wash with 959, ethanol) and centri-
fuge at approximately 2000 r.p.m. for 10 min. After centrifugation, care-
fully decant the clear liquid into a 100-ml. vol. flask (use a funnel).  While
the tube is still inverted in the funnel, wash off the lip with 955 ethanol.
Repeat this extraction, starting at “Add 0.1 ml. of glacial acetic acid,”
twice more.  When the contents of the volumetric flask are at room tem-
perature, dilute to 100 ml. with 959, ethanol. Remove any precipitate
that may form on cooling or standing by filtration. Transfer 10 ml. of
this extract to a 250-ml. vol. flask and dilute to vol. with distilled water.
Remove by filtration any precipitate that forms.  Determine the absorh-
ance of this aqueous dilution at wavelengths 338.5, 352.5, and 366.5 mu
by means of a spectrophotometer having wavelength errors 0.5 my or less.
Use 1-em. absorption cells and employ a distilled water blank.

Calculations:

Using the data obtained, the following caleulations are made:

3525

where a = absorptivity; A4 = absorbance; b = cell lengthin em; ande¢ =
concentration of original sample in the final dilution in grams per liter.

R, # ratio of absorbance at 338.5 and 352.5 mu
413595

\» 366.5
1 ratio of absorbance at 366.5 and 352.5 mu
413525




If R, equals 0.909 = .009 and R, equals 0.846 = .009, the extracted ma-

terial can be considered pure rutin and the weight (in mg.) per tablet can be
calculated by means of the following equation:

A352.5

mg. Rutin-3H,0/tablet = 26.3

X av. wt./tablet (mg.)

Since pharmaceutical rutin’? may contain up to 5% quercetin an “‘ac-
ceptable” range is suggested for the above ratios: for R, a range of 0.890 to
0.918; for I; a range of 0.837 to 0.878. If the sample falls within these
ranges the above equation may be used for calculating the rutin content.
An increase in I; above this limit with a simultaneous decrease below the
Ry limit indicates that the sample contains more than 5% quercetin, In
such cases the amount of rutin may be calculated from the following equa-
tion:

mg. Rutin-3H,0/tablet =
(0.1475as505 — 0.1292a3665) X av. wt./tablet (mg.)

An increase or decrease beyond the limits of both ratios indicates an inter-
fering absorption which invalidates the analysis.

An increase of 2; beyond its limit while 2, remains within its range indi-
cates an interfering absorption at 338.5 millimicrons which diminishes so as
to be ineffective at the R, wavelength.  Under these conditions the correct-
ness of the observed value at 352.5 millimicrons is accepted because any
elevation of the 352.5 millimicron reading would lower R,.

Method III. A method, based on the production of color when rutin
reacts with aluminum chloride is proposed by Dechene!™ for the determina-
tion of rutin in tablets. This method offers the advantage that the absorp-
tion maximum of the reaction product is in the visible region of the spec-
trum (415 my).

Procedure: The average weight of one tablet was determined from the
weight of 15 to 20 tablets and 5 to 10 tablets were reduced to a fine powder.
A weight of powder, caleulated to contain 15-20 mg. of rutin, was placed in a
micro-Soxhlet apparatus and extracted for eight to ten hours with ethyl
alcohol (denatured). The alcoholic extract was transferred to a 50-ml.
volumetric flask, made to volume with the alcohol, and 15 ml. of this solu-
tion was transferred to a 50-ml. volumetric flask and made to volume with
aleohol.

Duplicate 1-ml. aliquots of the solution were transferred to test tubes,
and alcohol was added to bring the volume to 5 ml. To each tube was
added 3 ml. of 0.1 3/ aluminum chloride solution and 3ml. of 1.0 3/ potassium

acetate solution.  After standing forty minutes, the transmittance of the
yellow color was determined at a wavelength of 415 mu. The quantity of
rutin is determined by reference to a previously prepared graph using solu-
tion of known rutin content.

Determination of Rutin in Urine

A method for the determination of rutin in urine was developed by
Porter et al® To 2 ml. of urine is added 3 ml. of 0.1 N AlICl;and 0.5 ml. of
NH,OH (1:3). Thisis diluted to 10 ml,, centrifuged, and the supernatant
liquid decanted. The gel is washed twice with water to which is added 1
drop of the dilute NH,O1H, and all washings discarded. Finally, the gel in
the tubes is dissolved by adding 0.1 ml. of glacial acetic acid, dispersing the
precipitate, and letting stand over night. Then 10 ml of 1 N potassium
acetate is added and the mixture is transferred to a 50-ml. volumetric flask
and made up to volume with water. After a period of at least 30 minutes,
but not more than 2 hours, the absorbance is determined at 413-416 mu in a
5-cm. cell against a reagent blank carried through the same procedure.
The amount of rutin is determined by reference to a previously prepared
graph®™® using solutions of known rutin content.

Production of Rutin

For use in clinical work rutin was first supplied by the Eastern Regional
Research Laboratory, Bureau of Agricultural and Industrial Chemistry,
United States Department of Agriculture. It was prepared from tobacco
by a percolation procedure using ethyl alcohol as the solvent.!® IHowever,
the low yield (0.3-0.59%), from an expensive raw material, made it essential
to find a more economical source. Investigation of many plants revealed
buckwheat as the most promising domestic supply,¥ since it was found to
contain 3 to (9, rutin on a dry weight basis. Of the several species that
are commonly used for grain, the Tartary (Fagopyrum tataricum) was
found to be superior to the Japanese or Silver Hull (Fagopyrum esculentum)
as a source of rutin.!*  The major portion of the rutin occurs in the leaves
and blossoms and reaches & maximum in 35 to 45 days. The rutin can be
extracted either from the fresh plant!®2.13% or from a meal prepared by arti-
ficial drying of the plant, 134.207,208,39%,513,520.573

Recently two other source materials have become available for rutin
manufacture; dried lower buds of Sephora japonica'® from the Orient and
the leaves of several Eucalyptus species (Kucalyptus macrorrhyncha and
FEucalyptus youmani)*»-$% from Australia. Sophora flower buds contain
12-169 rutin and Eucalyptus leaves about 6-117,. These source materials
have almost completely displaced buckwheat in this country chiefly be-




cause the American dehydrators failed to produce high grade buckwheat
leaf meals;#'? only whole buckwheat meals were produced. These did not
contain more than 2.5 percent rutin. It is possible to prepare a domestic
buckwheat product containing 5 to 89 rutin®'?® which manufacturers have
indicated would compete favorably with foreign sources.

Preparation of Dried Buckwheat Leaf Meal

Rutin can be extracted from either the fresh green immature plant or
from a meal prepared by drying and grinding the green plant.®® Tresh
plants have the disadvantage of being available only during the limited
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Fig. 4. Flow diagram for preparation of buckwheat leaf meal in o belt dryer.

growing season, whereas the dried product can be stored for year-round
production.  Early work'¥ showed, however, that buckwheat had to be
dried carefully to prevent excessive destruction of the rutin.

Fractional Drying. The finding that the major portion of the rutin
was located in the leaves and blossoms of the immature buckwheat sug-
gested that rutin could be concentrated by the preparation of a leaf meal.
Eskew and coworkers worked out in detail a procedure for producing a

dried leaf meal, using either a belt®”.%8 (Figure 14) or a direct fired rotary
drier®”? (Figure 15).

The recommended procedure is to dry as quickly as possible and carry the
drying only far enough to embrittle the leaves and flowers; the stems, being
much thicker, remain moist and tough. The plants in this condition are
subjected to mechanical action, which breaks the brittle leaves and flowers
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‘ig. 15, Production of buckwheat leaf meal in a rotary alfulfa dryer.

away from the stems and crushes them into fragments. This is accom-
plished by directing the fractionally dried buckwheat into a fan, which,
acting somewhat as a hammer mill, strips the friable leaves from the limp
stems.  The fan also blows the material to a cyclone collector.  From there
it falls to a vibrating screen, which separates the stems from the leaf frag-
ments. A bag filter is provided on the cyclone exhaust to recover rutin-
rich fines.  The two fractions are illustrated in Figure 16.

The drying process has to be carried out under st rictly controlled condi-
tions to prevent excessive loss of rutin. - Even under optimum conditions
for fractional drying, 25 to 359, of the rutin is lost; if the buckwheat is
totally dried, the destruction is somewhat greater.  The degree of rutin
destruction depends on the type of drier, the temperature and the ariety
of buckwheat used.
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Fig. 16. Various stages in the preparation of buckwheat leaf meal.

Although it is possible to hand-pick a leaf and blossom fraction which
would result in about a 1.8-fold enrichment in rutin contents®, this separa-
tion has not been done mechanically on a commercial scale.  An evaluation
of a number of leaf meals produced at this laboratory during the pilot
plant study of drying conditions showed that a 1.5-fold enrichment could
be produced over that which could be obtained when whole meals were
prepared. This enrichment was more than enough to compensate for
losses encountered during drying, and the leaf meals were richer in rutin
than the starting fresh plant.®® Since in these studies only 609, of the stem
material was discarded, there is a possibility that removing a greater pro-
portion of the stems® would produce even a greater degree of enrichment.

Field drying as an adjunct to artificial drying has been investigated.520.673
Under favorable conditions as much as one-third of the water could be re-
moved from normal buckwheat or one-half from unusually lush buckwheat
without reducing the over-all recovery of rutin, provided that wilting was
not carried far enough to reduce the moisture content below 789,. Wilting
greatly increases the capacity of the drier and decreases the cost of fuel.
Under unfavorable weather conditions when wilting was slow, however, an
appreciable loss of rutin occurred.

Relation of Buckwheat Variety to Rutin Content. Buckwheat first
used for production of rutin was the Japanese (Fagopyrum esculentum),'¥
commonly grown for grain. Later work,% however, showed that the little
known Tartary (F. tataricum) was superior in several respects. It was 45
to 809 richer in rutin, had a higher proportion of leaf, and yielded greater
quantities of leaf per acre. Furthermore, Tartary is more frost resistant
and so can be planted earlier in the spring. In addition to these cultural
advantages, Tartary buckwheat is better suited for dehydrating. It can
be dried at higher temperatures and with less critical control than the
Japanese.”  Work with three additional varieties of buckwheat—Silver
Hull, Tartary Tetrapolid and Emarginatum—indicated that, for rutin pro-
duction, Tartary is also better than the Silver Hull and Emarginatum.”
The Tartary Tetrapolid®? is similar to the Tartary in rutin content and
yields and so has potentialities for rutin production; however, seed is not
available in commercial quantities.

Effect of Age of Plant and Time of Planting on Rutin Content. Figure
17 shows the effects of age and time of planting on the rutin content of
Tartary and Japanese buckwheat. It can be seen that buckwheat plants
reach the peak of rutin content at the time of blooming which is about
25 to 35 days after emergence, depending on the species. The rutin
content of all buckwheat decreases after seeds form.  The decrease in rutin
content of Tartary buckwheat is not so rapid or so great as that of the
Japanese. Tartary both flowers and sets a full crop of seed more slowly.
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Fig. 17. Effects of age of plant and time of planting

on the rutin contents of Japanese and Tartary buck-

wheats (grown at Lancaster County Tobacco Experi-
ment Station, 1946).

It does not mature so rapidly but grows continuously, maintaining a con-
siderable portion of the plant as young immature tissue, which is always
richer in rutin.

Buckwheat is ordinarily seeded for grain production in late June or carly
July. Good yields of rutin were obtained in Pennsylvania by seeding on
May 13 (Figure 17); the rate of growth was slower in early plantings but
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“ig. 18.  Effect of date of planting on rutin
content of Tartary buckwheat.

the percentage of rutin was higher. Seeding on June 13 and August 1 gave
larger plants, but the percentage of rutin was progressively lower.

In 1948, four large-scale plantings of Tartary buckwheat were made on
Lansdale silt loam, Montgomery County, Pennsylvania, to supply material
for drying studies with a portable alfalfa drier.s Figure 18 shows the

rutin content of buckwheat harvested from these four plantings. Here
again the buckwheat from the earliest plantings had the highest rutin con-
tent, and the rutin decreased progressively as the season advanced. Since
in most cases the rutin content of leaf meals prepared by fractional drying is
only slightly higher than that of the fresh plant, to produce leaf meal of
high rutin content, Tartary buckwheat must be harvested at the peak of its
rutin content. The best time will vary with the season, but it will be
about 4 to 6 weeks after seeding.

It is doubtful that a buckwheat meal sufficiently rich in rutin could be
produced from buckwheat planted later than June. The date of planting
will depend somewhat on the geographic location. Where the climate.is
cooler and growth is slower, planting may he delayed somewhat.

“xiraction

Krewson and Couch?8 have determined the optimum conditions for the
extraction and preparation of rutin from buckwheat. Chainey?®! offers ¢
modification to the procedure which gives an alternative method for re-
moval of fats during the extraction. A diagrammatic sketch of this process
is shown in Figure 19. Either fresh green buckwheat or dried buckwheat
meal is placed in a suitable extractor and covered with isopropyl alcohol
(approximately 0.4 gallon per pound of 80-85 percent strength by volume
for green plant; approximately 1.5 gallon per pound of 70-83 percent
strength for dried buckwheat meal). The mixture is heated to boiling,
and following a short interval (10 minutes) the extract is pumped to an
evaporator. Extraction of rutin is complete, no agitation is necessar 7, and
the marc need only be washed several times with hot solvent to remove rutin
dissolved in entrained solvent. The extract and washings are concentrated
in an evaporator until the solvent is removed (to about one-tenth original
volume). When operating under reduced pressure, sufficient boiling
water should be added before or during evaporation to about double the
water contributed by the dilute solvent used in the extraction. This is to
prevent precipitation of rutin from the super-saturated concentrate.
When operating under atmospheric pressure the temperature during the
evaporation is high enough to prevent rutin precipitation, and boiling
water (2-3 volumes) is added after evaporation of the solvent is complete.

The boiling concentrate is then strained through a filter, consisting of a
glass wool mat supported on a coarse wire sereen, into a heated holding
tank in order to remoye the bulk of the fat.™'  Final traces of fat are re-
moved by filtering the boiling solution through heavy paper filter pads.
The concentrate is then cooled to effect rapid crystallization of erude rutin.
After 1 to 2 hours, the cold crude rutin is filtered off on canvas or on a hard




filter (preferably rayon paper) and either refined WBS&ES.J\ or stored dry
for subsequent purification. :

In the preparation of rutin from Sophora and Eucalyptus, or other Em.:
rutin content plant materials, it is possible to extract the flavonol with boil-
ing water. The dry ground plant material is exhaustively extracted with
boiling water, the hot water extracts are polished through efficient filters,
and the filtered extract cooled rapidly to effect rutin crystallization.
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Purification of Rutin

Recrystallization. Refining of crude rutin prepared from buckwheat is
illustrated in Figure 20. Crude rutin is dissolved in boiling water (about
18-20 gallons to the pound of dried crude rutin), and filtered to remove
finely divided insoluble material.132.133.398  Purification of buckwheat rutin
requires treating the boiling filtered solution with silica gel (usually about
173 pound of a 28 to 200 mesh silica gel per pound of dried crude rutin) to
remove so-called “red pigment” impurity.*'% After filtration the rutin
solution is cooled rapidly to effect erystallization and the crystals removed
as soon as possible. The quick cooling of the rutin solution to a low tem-

* Rutin prepared from other plant sources which do not contaia this impurity, do not
require treatment with silica gel.




perature gives rise not to small crystals as in the usual rapid crystallization
procedures, but to a solid material consisting of flocks of crystals larger
than those obtained by crystallization at room temperature. According to
the generally accepted theory relating to purification by crystallization
procedure, it is considered desirable to produce fine crystals since these
have a tendency to occlude smaller amounts of impurities than larger crys-
tals. In the case of rutin, the reverse appears to be true. Also, it
appears that in the crystallization of crude rutin, contamination with ex-
traneous products dissolved or dispersed in the solution is promoted by
prolonged contact of the solid rutin particles with the mother liquor.
Therefore, it is desirable that the crystallized rutin be removed from the
mother liquor as soon after completion of crystallization as possible. 3%
The product is then dried to constant weight at $10°C.

Removal of Alcohol Insolubles. The rutin prepared as outlined above
may still contain excessive amounts of alcohol insoluble impurities. These
can be removed by treating the rutin with absolute isopropyl alcohol.
The powdered rutin, thoroughly dried at 110°C., is dissolved in boiling
isopropyl alcohol of 98-999, strength at the rate of 1 pound of rutin per
1.75 gallons of alcohol. The solution is cooled to room temperature and
filtered through heavy asbestos pads. The rutin may be recovered by
crystallization after diluting the alcohol filtrate with 9 to 10 volumes of
water. Iconomy of solvent can be effected by adding the filtrate to
boiling water and distilling off the alcohol for re-use.

Removal of Metal Impurities. Rutin that has been prepared or has
come in contact with equipment made of iron, copper, or aluminum,
becomes contaminated with complexes of these metals. Since these
complexes are water soluble compounds that tend to form mixed crystals
with rutin and are not removed by adsorbing agents, they cannot be elim-
inated by the usual purification methods. The presence of these im-
purities has a detrimental effect on rutin, causing discoloration and de-
composition of rutin preparations, especially on exposure to light, and
consequently their elimination is essential to the production of rutin prepa-
rations intended for medicinal use. The presence of appreciable quanti-
ties of these impurities also causes considerable losses in the course of usual
purification treatment; in such instances as much as 10 per cent of the
rutin present fails to crystallize out on cooling and eannot be obtained
even after extensive concentration of mother liquors.#* Purification of
such contaminated rutin is accomplished by dissolving the product in boiling
water (one pound in 20 gallons) and acidifying the solution to pH 2.5-2.9
by addition of dilute mineral acids such as hydrochlorie, sulfuric or phos-
phoric.  In the case of contamination with iron the solution will change
from green to pale yellow. For copper contamination it is necessary only

to adjust to a pH less than 4. On standing at room temperature rutin will
separate from the solution in the form of a pale yellow crystalline precipi-
tate which is removed by filtration, washed with cold water, and dried to
constant weight at 110°C. Although the process is operable at a pH of
less than 2.5, hydrolysis of rutin is likely to occur and rutin solutions below
this pH should not be held at elevated temperatures.

Preparation of Highly Purified Rutin. The fact reported previously
that rutin forms solvates with various organic solvents led to a new method
for the preparation of highly purified rutin.’®®%! Buckwheat rutin pre-
pared by the present accepted procedure®®® (N.F. quality) contains small
amounts of quercetin and other related flavonoids. These minor flavo-
noids interfered in the spectrophotometric analysis and values greater than
1009, were obtained for the sum of rutin and quercetin. Repeated recrys-,
tallizations from water or aqueous solvents as the hydrate did not reduce
significantly the quantities of these impurities. However, when rutin crys-
tallized as the solvate the major portion of the impurities remained in the
organic solvent solution. The effect on the purity of rutin when samples
were crystallized from technical absolute methanol, ethanol, n-propanol and
acetone is shown in Table VII.

TABLE VII

Effeet of Reeryst ation from Organie Solvents on Purity of Rutin®

Spectrophotometric analysis

Recrystallized Rutin, Quercetin,
from Yo %
Methanol 08.3 1.
Ethanol 100.0 0.
n-Propanol 100.6 I.
Acetone 100.5 0.

¢ Original rutin analyzed 97.3% and 4.3% quercetin.

Of the four solvents used in purification of rutin, ethanol and acetone
gave the purest products. The yiclds were good since the second crop of
rutin obtained from mother liquors may be reprocessed. Ethanol is the
most practical of these two to use because the solubility of rutin is greater
in ethanol than in acetone and the amount of moisture present in the solvent
is not as critical. The solubility of rutin in absolute ethanol is greater than
10% but more concentrated solutions were difficult to handle especially
after the laboratory became seeded with alcoholate.  When the laboratory
did become sceded, the alcoholate precipitated from absolute aleohol con-
taining more than 109 rutin, even while the solution was boiling under re-
flux.




Purification of rutin by alcoholate procedure is now in operation on a
commercial scale for the production of highly purified rutin required to
make soluble preparations of rutin for parenteral use. Rutin prepared
through the alcoholate procedure was the only rutin we have obtained
which did not discolor when exposed to light; rutin recrystallized 15 times
from aqueous solvents became discolored,

Procedure.  The procedure for this method of purification is as follows:
An approximately 10 percent solution of rutin is prepared by dissolving
thoroughly dried (at 110°C.) powdered rutin in boiling absolute ethanol
(denatured containing 959 absolute ethanol and 5% absolute methanol is
satisfactory).  The boiling solution is filtered preferably through a heavy
paper and asbestos filter pad and washed with absolute alcohol. Crystalli-
zation usually takes place immediately on cooling of the filtrate especially
when the process is in regular operation and the laboratory or plant atmos-
phere contains the aleoholate seed (in initial operation it may he necessary
to seed the solution to effect crystallization).  The rutin-aleoholate crystalg
are filtered off after 2 hours standing at room temperature, then slurried with
a small quantity of absolute ethanol, filtered by suction and the filter cake
added to about 10 quarts of boiling water for hydrate formation.

Gw:m..m__mvr%mmo_om% Involved in Vascular Fault

The blood vascular system is usually considered to consist of the heart,
aorta and large arteries grading down to the small arterioles, the capillaries,
and then the venules grading up to the large veins and so back to the heart.
By way of the vascular system, the tissue cells receive oxygen and sub-
stances needed for their metabolism. Morcover, waste substances are
removed.  Oxygen, being transported by the hemoglobin of the red cells,
may be thought to diffuse directly from the capillaries. However, water
and most dissolved substances, including a small part of the plasma pro-
tein, actually pass out of the capillaries into the tissues. From the tissues,
water and excretory metabolites pass either back into the capillaries or
enter lymphatic radicles, through which they pass to larger and larger
lymphatic vessels until finally they enter the venous system.  Under condi-
tions of rest, probably a considerable part of the water and dissolved sub-
stances leave the tissue to re-enter the capillaries. However, under condi-
tions of greater circulatory activity, and greater diffusion into the tissue,
the quantity re-entering the apillaries from the tissue probably increases
very little, if any, and the greater amount of increased fluid enters the lym-
phatic system.

The perivascular tissue consists of fixed cells of ‘arying degrees of spe-
cialization, embedded in a more or less fluid, gelatinous matrix which is re-
ferred to as the mesenchymal ground substance, The three possible routes
for fluid eirculation may therefore be considered somewhat as follows:

Route A: Heart to arteries to capillaries to veins to heart.

Route B: Heart to arteries to capillaries to mesenchymaul ground substance to
capillaries to veins to heart.

Route C: Heart to arteries to capillaries to mesenchymal ground substance to
Ivmphaties to veins to heart.

Route A may be sufficient to supply oxygen and nutrients to the most
adjacent endothelial lining cells, but probably only oxygen to the other
tissues.  In routes B and C the fluid leaving the capillaries to enter the
mesenchymal ground substance passes between, not through, the endothe-
lial cells of the capillary wall; ie. it traverses the intercellular coment stb-




stance. In route B it also traverses this intercellular cement substance on
returning to the capillaries; and in route C the intercellular cement sub-
stance of the endothelial cells of the lymphatic vessel. However, from our
interpretation of published data, any abnormality of intercellular cement
substance through which fluid returns to vessels is not recognized as being of
any importance. On the other hand, abnormality of the intercellular ce-
ment substance through which fluid leaves the capillary may be recognized
as such if it results in red cells passing out of the capillary and becoming
evident in the pericapillary tissue.

Circulation by route A is quite rapid, the entire circuit being completed in
a few minutes.  While time required for routes B and C is not known, it is
undoubtedly much longer. In life, the mesenchymal ground substance is
gelatinous and probably varies considerably in different tissues. In fixed
specimens its coagulated remains appear as fibers and fibrils, which prob-
ably represent structures not so well defined during life. Mesenchymal
ground substance which contains collagen is sometimes referred to as collag-
enous ground substance, and its pathologic states are spoken of as collagen
diseases; although it is probably inhcrent in its nature to escape exact
morphologic classification.  The electron microscope may aid considerably
in the understanding of this substance. This ground substance can bind
and release water, and substances contained therein, depending upon the
needs of the fixed tissue cells or according to a variety of stimuli not now
entirely understood. This ground substance may be large in amount, as in
the subcutaneous tissue, or small, as it must be between the glomerular
capillary and the capsule of Bowman. It may readily admit fluid from the
capillary, which would decrease the gradient of pressure from within the
capillary to the tissue outside and hence theoretically predispose to capillary
hemorrhage. Such hemorrhage might be absorbed rapidly or slowly, de-
pending upon the speed with which fluid was released by the mesenchymal
ground substance to enter the lymphatics.  On the other hand, if the pres-

sure in the tissue outside the capillary is relatively high (the reverse of

above) the capillary wall will be somewhat supported and the development
of capillary hemorrhage will be opposed. .
Functionally, therefore, the intercellular cement substance and the mes-
enchymal ground substance form a single unit, and it is not possible to say
that what affects one does not affect the other. However, it may be sug-
gested that an agent which either causes or prevents the development of
capillary hemorrhage has an action on the intercellular cement substance,
and this effect cannot be assumed if there is no relation to capillary hemor-
rhage. Among substances now thought capable of affecting the intercellu-
lar cement substance or the mesenchymal ground substance, or both, are
rutin and other flavonoids, natural adrenal cortical hormones including the

synthetic adrenal cortical hormone, desoxycorticosterone, X-ray, hyaluroni-
dase, probably a pituitary hormone, vitamin A, vitamin E and certain
amino acids.

In addition to the above, it is suggested that under certain abnormal con-
ditions something is absorbed from the mesenchymal ground substance to
which the body reacts by the production of antibodies. These antibodies,
in turn, may act with sufficient specificity on the tissue from which their
exciters originally arose to further and characteristically damage it.7®  Sub-
stances capable of blocking antibody formation may be of value in addition
to the factors listed.

Abnormality of the intercellular cement substance may lead to the
following pathologic states: Increased fluid, which may contain an in-
creased amount of protein, may pass into the mesenchymal ground sub-
stance; red cells may escape cither through rupture or by diapedesis.  As a
result of these two conditions abnormalities may be produced in the mesen-
chymal ground substance, or a clot may be formed at the point of rupture
and give rise to an extending thromboembolic process.

Abnormality of the mesenchymal ground substance may lead to the fol-
lowing pathologic states: Its failure to adequately bind fluid, and hence
substances contained therein, may lead to death and destruction of fixed
cells. If this occurs in the wall of an artery, it may lead to rupture
through that wall, or if in the retina, to death of the retinal nerve cells. It
may lead to antibody formation (which may contribute to its later de-
struction) by releasing antigenic protein molecules, from itself or from
fixed tissue cells, into the general eirculation. It may bind excessive fluid
and produce actual or latent tissue edema causing disturbances in tissue
function; perhaps this is secondary to changes in sodium and potassium
transport. A sustained pathologic process involving the mesenchymal
ground substance may terminate with this substance becoming less gelati-
nous and more fibrillar, with an absolute decrease in bulk.

Factors Affecting the Integrity of the Capillary Wall
and Extracapillary Fluid Transfer

The role of rutin and other flavonoids in affecting the integrity of the
capillary wall and extra-capillary fluid transport will be considered in
greater detail in subsequent chapters.  Here we shall attempt to sum-
marize the effects of the other factors.

The Adrenal and Adrenal Hormones. In the absence of the adrenals,
sodium is lost through the kidneys and eventually death results with
hypotension.  This sodium loss can be prevented by the administration of




adrenal cortical extracts, the medullg apparently not being essentia] to
R N T hormone, desoxycorticosterone acetate (DOCA), also
has this salt-retaining _:.c-EomS.S.:m function in the adrenalectomized
animal, and apparently corresponds to that part of the natural adrenal
cortical hormone which s secreted by the zong glomerulosa. It was Selyet!
who showed that thiy hormone, given in large doses, produced mesenchymal
proliferation along with periarteritis, nephrosclerosis and arthritis, It has
thus been possible to compare the effects of extracts of the whole adrenal
cortex with the effect of g single one of its hormones, More recently the
availability of other adrenal cortical hormones ag prepared by Hench and
his associatesd!s hag permitted more exact comparisons to be made,

id and electrolyte.

ed by adding either hyaluronidase or desoxycorti-

costerone to one side of the membrane, decreased by adding whole adrenal
cortical extract, Later, using rabbits, Scifter, Baeder and Begany*ss.ee0
were able to show that absorption of vro:o_m:_v_::55:&9: from the
synovial joint cavity of the knee was increased if hyaluronidase was added
to the injected material, or if desoxycorticosterone was given parenterally,
Absorption was decreased by the administration of either whole adreng]
cortical extract, cortisone, or m%ngoanoﬁoia hormone, Absorption
was measured both by the rate of the excretion of the dye in the urine, and
by measuring the amount left in the joint cavity on aspiration after g certain
time. Adrenal cortical extract antagonized the effect of both hyaluroni-
dase and of desoxycorticosterone, The authors suggest that “normal
permeability of the synovial membrane is in part controlled by the balance
between adrenal steroids of the DOCA type and of the Compound E type.”
It is interesting to note that in this study, using rabbits, the administra-
tion of the adrenal cortical stimulating extract of the anterior lobe of the
pituitary (ACTH) results primarily in an increase in secretion which, in
action, most resembled Compound E. 1In the studies, by other workers n

rats, ACTH seems to primarily result in secretion of hormone of the desoxy- .

corticosterone (DOCA) type. It is possible that such species differences
may exist, and it is not certain which corresponds with the human-type
reaction.

Taubenhaus and Amromin?s have shown a similar antagonism between
“desoxycorticosterone (which) if injected into intact animals prior to and
during the turpentine abscess formation had g profoundly stimulatory effect,
(upon) fibrohlusts and. . -ground substance, (and) cortisone (which) had an
inhibitory effect. . .”” They also found that growth hormone of the anterior
pituitary stimulated granulation tissue, hut that this effect was abolished
by adrenalectomy.

Cope, Brenizer and Polderman!s collected lymph from the cervical
trunk of normal and adrenalectomized dogs under local anesthesia. The
protein content of the lymph of the adrenalectomized animals was signifi-
cantly higher, a finding which they credited to an increased capillary per-
meability. Cope and Moore!? studied capillary permeability in dogs by
injecting radioactive colloids, and found an increased permeability follow-
ing a burn. This was not affected by giving adrenal cortical extract intra-
venously. .

Rigdon®?81 gave adrenalin (I-epinephrine) intravenously or intrader-
mally to rabbits before applying xylol to their skin. Subsequently, “trypan
blue, when given intravenously, fail(ed) to localize and to concentrate
in areas. . .where adrenalin (was) injected intradermally. . .although the
area becomes reddish brown after 20-30 minutes.” However, when the
epinephrine was given intravenously, the localization of trypan Z.._o in the
area of xylol irritation was not prevented, a difference which the author at-
tributes to a lower concentration of epinephrine in tissue after the intra-
venous injection. Other studies, using l-epinephrine and l-arterenol, 15
also suggest that the secretion of adrenal medulla may have an effect on the
capillary wall. The situation is further complicated by the fact that the
administration of epinephrine™ will, through the pituitary, cause stimula-
tion of the adrenal cortex. This would not explain Rigdon’s results, since
he got no inhibition of inereased permeability when the epinephrine was
given intravenously. There is the possibility that in his studies, epineph-
rine interfered with the circulation by producing a local closure of vessels
and thus may have masked rather than prevented the increase in perme-
ahility. Describing the injected area as reddish brown (not blanched
white) does not support such an explanation.

Vitamin C. The relation of vitamin C deficieney to increased capillary
fragility will be considered in more detail later. However, it may be stated
here that vitamin C probably has no direct effect on capillary fragility, but
that by producing atony on the venous side of the minute vessel bed and
probably by some effect on the perivascular tissue in lessening support of
the minute vessel bed, its lack results in the occurrence of hemorrhagie
lesions, often of considerable size, resulting from minimal trauma. Vitg-
min C is also an important constituent of the adrenal gland, and Schaf-
fenburg, Masson and Corcorané! have compared the syndrome of vitamin
C with that due to adrenal deficiency.  There are many points in common,
and it is suggested that death, when it occurs in scurvy, is actually due to
adrenal failure. Tt has long been recognized that death in the scorbutie
patient cannot always he explained on the basis of hemorrhage.  Cortisone
helps the scorbutic guinea pigs (but does not prevent hemorrhage) while
DOCA makes the animal worse,




Hyaluronidase. The role of hyaluronidase in vascular physiology has

been summarized by Meyer and Ragan®® and is here briefly reviewed:
Connective tissue consists of fibrillar material and interfibrillar substances,
The latter consists of an amorphous and viscous ground substance, and the
cement substance proper.  While the chemical nature of these substances is
not completely known, they do contain two compounds, hyaluronic acid,
and chondroitin-sulfuric acid, and may be acted upon with resulting in-
crease in fluidity, by an enzyme hyaluronidase which may be derived from
various sources. “Chondroitin sulfate occurs in the intima of arteries.
This layer may even continue to the precapillaries and capillaries. That
this zone does exist in the capillary wall is suggested by the increase in
capillary permeability caused by hyaluronidase injected into the connective
tissue, whereas intravenous injection had no effect.””¥2 The highest con-
centration of hyaluronic acid in the mammalian body is in synovial fluid
and skin; next highest is in the vitreous humor. Hyaluronidase may be
produced by certain pathogenic organisms, and by ‘certain malignant
tumors.  Hyaluronidase-inhibiting substances may also appear in the body,
ecither spontaneously or as the result of some disease process. The evi-
dence is quite clear that hyaluronidase will expedite the passage of fluid
through the mesnchymal ground substance once that fluid has reached an
extravascular position; it is much less clear that it has any direct effect on
passage of fluid through the capillary wall.

Vitamin E. Although it is not our purpose to review the involved and
highly controversial subject of the role of vitamin I in vascular physiology,
we would like to point out that this vitamin is thought by some to have an
effect on the mesenchymal ground substance, 3% and by a few to have also
an cffect in lessening increased capillary fragility. 692

Vitamin A. Mayer and Krehl®%2 showed that when rats were given
a diet deficient in vitamin A they developed bleeding of the lacrimal
glands, red and swollen gums, and swollen joints.  Since this resembled a
vitamin C deficiency, vitamin C was added to the vitamin A deficient diet,
and the scorbutic symptoms disappeared.

Burn, Orten and Smith* maintained rats on a diet with minimal vitamin
A and found histologic changes in their molars suggesting scurvy.  Boyer,
and co-workers® gave calves a diet deficient in vitamin A and found a drop
in ascorbic acid content of both the blood and cerebrospinal fluids. The
drop in vitamin C content of the cerebrospinal fluid was inversely propor-
tional to the rise in cerebrospinal fluid pressure.  Jonsson, Obel and Sjo-
berg® found dental changes after vitamin A deficiency in the rat similar to
those described by Burn et al., and concluded that, in vitamin A defi-
cieney the rat loses the ability to synthesize ascorbie acid.

However, while animal experiments of this type may suggest some re-
lationship between certain hemorrhagic states and vitamin A deficiency, so
far as we know no such relationship has been demonstrated in man.

Various Possible Interrelations. In previous publicationg?!2! one
of us (JQG) has reported studies on the rate of lymph flow in the skin of
rats given posterior pituitary hormone which produced antidiuresis, and
in humans thought to have an excess of this hormone, on the basis of
bioassay tests in animals. It was thought that increased pituitary activity
led to an increase in movement of lymph through the skin, and this was in
accord with other studies reported prior to the recent upsurge in the knowl-
edge of adrenal function. Since no adrenal studies were made in the
papers just mentioned?! 2! and since the pituitary is known to stimulate
the adrenal, it is quite possible that the findings at that time ascribed to the
pituitary should really have been credited to the adrenal. On this account,
in the review just offered, place has been given to the adrenal but not to the
pituitary. )

Since this is a book about rutin, and rutin is thought to affect both capil-
lary fragility (see Chapter V) and permeability (see Chapter IV), it is
proper to ask at this point whether either or both of these effects may be due
to an action of rutin on the adrenal, on vitamin C, or on hyaluronidase.

Rutin might decrease fluid transfer through the capillary wall and mes-
enchymal ground substance: (1) by stimulating the adrenal medulla to
produce more hormone or by, in some way, potentiating the amount of
adrenal medullary hormone that is normally produced. This presumes,
of course, that the adrenal medullary hormone does play a part in capillary
permeability and fluid transfer through the pericapillary tissue. Such
presumption is by no means proven. However, there is excellent evidence
both in the work of Fuhrman et al.2292% and Wilson and DeFds™.78.789
and by the French group®! that rutin and other similarly acting substances
do potentiate (i.e. increase the effectiveness and the duration of the effect)
epinephrine. This may be accomplished by inhibiting the destruction of
the epinephrine by oxidation. There is no evidence that rutin increases the
production of epinephrine, and a point against this is failure of rutin ad-
ministration to raise blood pressure; (2) by stimulating the adrenal cortex
to produce more hormone of the Kendall Compound E type, or by potenti-
ating, in some way, the action of the amount normally produced, although
there is no evidence that it does either; (3) by depressing the production of
the DOCA type hormone of the adrenal cortex, or by inhibiting its action
once produced, but again there is no evidence that rutin does either; (4)
by increasing the effectiveness of vitamin C. There is evidence that rutin
does this as has been recorded in several papers (see Chapter V); (5) by




opposing the effect of hyaluronidase. While this problem has been studied; -
reports are contradictory (see Chapter IV).
Rutin may affect capillary fragility and permeability by a direct action
of its own on the capillary wall and pericapillary tissue. This we think .
more likely than that its effectiveness lies only in motivating one of the Omﬁm—fﬂ.% mumﬂgmm—um:n% and Movement of F%Eﬁr

above mentioned mechanisms.

As has been said in Chapter III, the walls of the capillaries consist of
endothelial cells joined at their margins by what is usually referred.to as the
intercellular cement substance. In considering the transfer of fluid through
the capillary wall, Chambers and Zweifach?? concluded that the ugual ave-
nue of such transfer was through the intercellular substance and not
through the cells. They came to this conclusion largely because transfer of
fluid through a living cell body would result in increased work, and hence
increased metabolism.  When fluid passes through a cell body, as in the
case of secreting epithelial cells, such increased metabolism does occur and
can be measured. Because no such increase in metabolism can be demon-
strated for endothelial cells when increased passage of fluid through the
capillary walls occurs, it can be concluded that the actual transfer takes
place through the intercellular substance, which functions as an inert mem-
brane.

Cohn and his associates,!'2:113 however, have shown that this intercellular
membrane, permeable to electrolytes in solution, also permits the passage
of certain large protein molecules through preformed pores.  While these
protein molecules differ in size, their diameter is fairly constant and their
principal variation is in length. Since the direction of the long axis may
vary at the time when the tip enters the pore, it is obvious that the shorter
the length the more readily the molecule will pass through the pore. At
any given time, however, a certain number of pores will be more or less con-
gested by protein molecules passing through them. Any unfilled pores will
be free to assist in the transfer of non-protein fluid through the capillary
wall.  Therefore, any condition that might he associated with a diminished
number of protein molecules in the blood (especially of the long molecules
which take longer to pass through the pores) could mechanically lead to an
increased loss of fluid through the capillary wall, i.e. an increase in capillary
permeability. This would be true even if the capillary wall itself were
structurally normal.  Moreover, a decrease in the number of protein mole-
cules in the blood would be associated with a decrease in the colloidal os-
motic pressure of the plasma. Colloidal osmotic pressure is a factor in the




The effect of flavonoid therapy in this study upon mortality of patients
with capillary fault is illustrated by bar graphs in Figure 44. The prophy-
lactic effect of these compounds upon mortality, that is, the comparative
percentage of expected deaths in untreated capillary fault cases, as com-
pared to both rutin and quercetin treated subjects, cannot be denied.
The difference between the values obtained for quercetin and rutin is prob-
ably not significant hecause of the less extensive study with quercetin and
due to the fact that the maximum dosage level for this flavonoid has not,
as yet, been fully utilized.

Conclusions (Quercetin Therapy)

From these studies it would appear that quercetin is superior to rutin
in the treatment of initial spontaneous capillary fault associated with hy-
pertension. It is effective at lower dosage and appears to correct capillary
fault in all cases which do not respond to rutin therapy. Also, quercetin
corrects capillary fault and may be given to patients whose capillary dys-
function was successfully treated with rutin without risk of a relapse.
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